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              • IN[VRODUCT!ON
' A FOREST TREE is often compared to a building whieh is
made of reinforced concrete. Just like concrdte in the
building, lÅ}gn'in (reviews cited in reference •1-5) p!ays a
role to fix cellulose and hemicellulo,ses in plant cell walls,
supporting tirees against intensive stress. The lignins can
be readily classified by investigating the degradation products
                                                              6and by the color reaction such as )4aule and C12-Na2S03 reactions•
Comparative studies of lignin structural units have previded
an interesting phylogenic difference •in plant kingdom.7-ll
The lower land plants such as clu-bny"Jinp.sm$J, fern and gymnosperms
cOntain guaiacyl lignins whereas plants• of more recent origin
suÅëh as angiosperms, contain guaiacyl-syringyl lignins.
Additional !ignin stuructural unit, p-hydroxyphenylpropane is
found in Gramineae lignins, although there are some excePtions
to these generalization, which are shown in 'Table 1.
   Lignl'n is widely distributed as a cell wall constituent in
terrestrial.vascular plants, except•Tracheophyta plants grown
in buoyant aqueQus solutiQn.-,Bacteria, fungi, red and green
algae contain no flavonoids12 and lignins. on the other hand,
                                                       12mosses .and l"iverworts•generally contain a few flavonoids
but no•lignini, Most of the aquatic angiosperms which de-
generate theirvesselelements, containatrace amount of Åqor
no)• lignin. :t may,be asgribed g.p that the pZants need








































































neither ,the accumulation of waste products not streng•then
the mechanical elements with Mgnin because of the aguatic
life type. vessei eiernents13di5 are wideiy diseributed in
                       '
angi .osperm. Exceptional angiosperms which lack veSsel
eleme,nts are concentrated in Polycarpiidae in add.iYion to the
aquatic plants described above. PolycarpUdae is considered
to be one of the most primitive groups in angiosperms,i6 the
lign.tn of whiah demonstrated to contain syringyl units but
Sarcandra one.• On the other hand, the vessel elements are
observed in several genera of Pteridophyta and Gymnospermae,
    'the ligninsofwhich are known to ccntain syrÅ}ngyl units in sorne
species. These facts indicate that the presence of vessel.
elements is not directly related to the phylogenic distribu-
tion of syringyl units. These are surnmarized in Table !
and 2.
                                   '
   Most of the lignin biosynthetic pathway was elucidated by
tracer experiments in ni.neteen fifty's and sixty's, although
                                . 1-3 .the pathway was maiply studiqd zp grass plants.. Dunng .
the last decade, atteptions are forcused on the cell free
system j.n lignin 'biosynthetic. pathway and the regulatory
mechanisms in the biosypthesis have been investigated.
Therefo,re,. following parag.rap.hs outline soTne important enzymes
which is participating in lignin biosynthesis.
   Since phenylalanine ammoniarlyase (EC4.3.l.5r. PAL) was
firstextragted from Hordeum vulgare,8 many important aspects








































































have been elucidated and reviewed in this enzyrne.25'29'30' The
enzyme catalyzes the elimination of the pro-S proton -froin C-3
of .L.-phenylalanine in an antiperiplanar fashion to form
trans.cinnamate, together with ammonia. The reaction mecha'
nisin p,.f this enzyme may be explained by Ordered Uni Bi
                                      31sequence proposed by Havir and Hanson.
                                           IÅqm values for the
substrate fall in the range from loH5 to iod2 M. The enzymes
are strongly inhibited by cinnamate, and soTne of them were
inhibited by phenolics as well; one of the PAL's in it[29Igggg
batatas i$ sensitive to p-coumarate and caffeate in addition
to the above compounds.32 such an exampie was aiso found
                                        33in dif-.f.,ethefk4t cell organelles in Quercus.
                                           PALs from the micro-
somal and 10aG precipitated fractions in the Quercusplantwere
suggested to be involved in C6-C3 and C6-Cl rnetabolisms,
respectively, because the former was•inhibited bY cinnamate
and the latter by vanillate. PAL has been so far found in
all green plants including pteridophyta,34 but is not widely
distributed in mosses. No PAL activity was d'etected in lichens
and EungÅ} with .the exception in certain higher Basidiomycetes,35'3
ancl streptomyces?7'38 pAL in algae is only L"eported in
Porphyridium.30 Thus, the phylogenic distribution df this
enyzrne. is closel'y related to the phylogenic occurrence 'oE
                                          25
                                            was c• harac• teri• 'zed.Cinnamate 4-hydroxylase (EC 1.14.I3.11)
as a microsomal monooxygenase which cat'a•lyzes cinnama•te 4-
                         4









































                            39 'hydroxylation with NIH shift. [Vhe •three substrates, -.e.
cinnamat'e, NADPH and 02 showed Km values in micromolar rangesr
and the react'ion was inhibited by p-cournarate. This enzyrne
rnay require P450 as an electron acceptor because the enzyme
in Sorghum is inhibited by carbon monooxide and the inhibition
                      40
wa's recovered by Mght.
   Phenolase (EC 1.10.3.I) functions as an o'xygenase (EC1..I4.18.1)
                                         'which catalyzes the hydroxylation of E-coumarate to caffeate
with electron dohors such as ascorbate, NAD(P)Hr,,te•trahydro-
                                     19,25pteridine derivatives and o-diphenols. It is proposed
                                      'that'Oi generated by illuminated chloroplasts is'involved in
the:ltiE*ts22S!2S!2gpÅ}iyd.ro.xy"latzon:".tti" ' '' Thephenolase,whichisa
copper enzyrne and is inhibited by carbon monooxide and not
recovered by light, loealized i-n both •soluble and bound ferms.
The metabolic interrnediates such as cinnamate, benzoate and
                                                         17ferulate are found to be potent inhibitors of this en'zyme.
Another possible reaction of this step• may be" a peroxida'se-
mediating reaction,4i although .this reaction is known'to occur
non-enzymatically. Xt is•noteworthy that the mixed function
enzymes in sS2g!g!!E!!uor hum alter the raios of oxygenase to oxidase
with their molecular weights42 and that the interÅëonvers,-'ble
                                               43subunit struc.ture was reported in the phenolase. Another
interesting phenolase which can convert E--coumarate to caffeate
was reported •to be' present in a rnicrosomal fraction in Quercus.
HOwevert ferulate-5-hydroxylase'is still unsuccessful to Å}so'








































late in ceil free. A series of enzymes which catalyze'
 the
formation of C6'C3 phenolic acids from phenylalanine rnight
be expected• te exist as a rnultiple enzyrne compiex.19
   Cinnamate derivatives are activated to the correspond'ing
esters by cinnamate:CoA ligase {EC6.2.l.12) prior to tlhe
                                       26lignin, flavonoid and ester forrnations.
                                         The e zyme cata-
lyzes the formation of cinnathoY.!-CoA derivatives from the
                                          2+ ,corresponding aeids, with ATP, CoA and Mg . The ligase is
                                    47,48inhibited by cinnamate, CoA and ATPr which are the subStrates
and a product, respectively. The ligase Å}soenzymes were' found
Å}n soybean(Giycine Tnax) cuitured cens,48 petunia(petunia
                             27,5049
                                      One of thern catalyzesand other tissues.t:L!t2!!lslgd)
the esterification of p-coumarate, ferualte, 5-hydroxyferulate
and sinapate, while the other catalyzes the same esteriEication
except sinapoyl-CoA Eormation in the soybean cultured cells.
Hahlbrock and Grisebach assumed that the former iSoenzyme is
                                                          .involved in lignin and the latter in flavonoSd biosynthesis,
                                                      24respectively, although the evidence was insuffÅ}cient. On
                                           51
                      27
                                              poÅ}nted out that
     and KutsukÅ} et al.the other hand, Gross
                                                          -the former isoeinzyme is not universallY distributed even in
angiospermr although the gymnosperm enzyme was assumed to be
the latter type. rphis is an interestÅ}ng finding because
lignification is a comrnon phenomenon in the angiosperm. The •
detafils in this ooint will be discusised in chaptier = artd W•
                 #
   The cinnamoyl-CoA derivative$ are reduced to the correspond-
























































                                 . 47
                                   , the reactiop oE whiching aleohols in lignin biosynth s].s
are cata•Zyzed by cÅ}nnarnoyl-CoA: NAD?H oxidoreductase -(•EC l.1.1.-År
S2'54 and cinnamyi aacohoi: NADp oxidoreduÅëtase (Ec i.i.i,-)5.3'55
                                                             5352
                                                 an.d A-groupsThe former and 'the latter enzymes belong to B-
of NAD(P)-specific dehydrogenase, respectively. The best
substrate for the former enzyrne was feruloyl-CoA arnong the
                                                   54cinnarnoyl-CoA derivatives in soybean cultured cells and
Forsythia young shoots.52 The reaction products, coA and
NADi, inhibited the reduction,•and the inhibition'kinetics indicat-
                              'ed a random reaction.54 The phylogenic distributson of this
enzyme in gymnosperm and angiosperm is not reported yetr
because of the instability ef the,enzyme. Xn the Second
reduction step from the cinnamaldehydes to the corresponding
alcohols, the enzyrne was strongyl inhibited• by the einnamyl
aldehydes which served as substrates.55 The two isoenzymes
                                         55
                                              One o•f themwere reported in soybean cultur d ceZ!s•.
catalyzes only coniferyl alcohol formation and the other
                                                    .catalyzes both eonife•ryl and sinapyl alcohol formationsi
                                             51 ,,Gymmosperm only contains forrner type'enzyme.
   Peroxidase (EC l.ll.l;7) was•classified•into land type and
marine type.i8 The former enzyme is distributed in green
 algae and the terrestrÅ}al vascular plants including aquatic
 angiosperm, which catalyzes the oxidation of guaiacyl cornpounds.
                                                            ,On the other hand, the latter enzyme which is distrib.uted'in
 red and brown algae, is not able to catalyze the oxidation of





























































guaiacyl eompounds. PoXymorphism of
known and 'the each rnultiple form showed
specificities in guaiacyl and syringyl
interesting aspect of the•enzyme is the
oXidase produces hydrogen peroxide with
                           57coupling system with oxygen.
this enzyme is well
 different substrate
compounds.56 Another
 finding that per-
 malate dehydregenase
     The methoxyl coptent is often exarnined as an essential
  criterion to characte'rize lignins. The rnethoxyl groups
  are derived from the methyl group of• S-adeno$yl•-L-methionine,
  which is a substrate in transmethylation catalyzed by 9-
  methyltransferase (EC 2.1.l.-; OMT). Several plant O)4Ts
  partiCipating in various biosynthetic pathway have been
  characterized since tlie OMTs in apple (Malus sp;) and Nerine
  bowdenii were extracted.58-60 The' reported en2yrnes wni be
  describ•ed in the fol!owing chapters. Shirnada eLt !!!IL. first
  pointed out that the OMT deterrnines•the destinY if lignins
                                                 61
  carry guaiacYl nuclei or guaiacyl-syringyl ones. •They
  used the ratio of s.i.napate (SA)- to feru!ate (FA)•-formation
. (SA/FA ratio) 'by OMTs in order to estimate the substrate,
  speciticities..' '' .' ,. .
     rn these'circumstances, this thesis forcuses on the OMTs
  which are participating in lignin biosynthesis'in taxonomic-
  aliy different plants and fills the ambj.gueusparts in t•he
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              -
   In chapter Z. pine (Pinus thunbergii) OMT is described in
details as a typical gyrimosperm-type enzyme. Gymnosper-m
enzymes had never been purified until this enzyme was •t
isolated'from the pine seediings and charaÅëterSzed.
   Aspen (Populus eurameri'cana) OMT is discussed as a
typical dicotyledon-type enzyme in chapter U. :t is
desirable that secondary xylem in woody plants is used for
studying lignin biosynthesis. However, heavily lignified
tissues are usually unsuÅ}tabie as enzyme sources because of
its toughness. The OMT was extracted frorn bhe tree trunksr
which was an attempt to characterize enzymes from such
heavily lignified tissues.
  • Mistletoe (Viscum alburn) lignin was a typical angiosperm
type as it is demonstrated in chapter rE[. Mistletoe OMT
is discussed in this chapter, because the crude enzyme was
found to show apparently no ferulate forrnation which may
remind us of heterotrophism of the parasitic plant. The
unusual substrate specificity is discussed in relatÅ}on to
the question if the parasitid plant has a lignin bio-
   In chapter IV, bamboo (PhyllostacyS E!gEb!2Eigg"gescens) O"4T iS
discussed as a typical grass type enzyme. Zn thi$ chaptert
it i's clearly- demonstrated that the FA- and SA-activities
are originated from the sarne enzyme. This finding indicates




























































that the ratÅ}os of FA- to SA-foramtion keep Constant during
the differenrtiation.
                                                     '
   In chapter V, the three types of Ob4T are summarized by
estimating SAIFA rat'ios in v,ariOus plants and the reiation-
ship between bMTs and lignin e.volut.x'en is.discussqd. ,
                             "
                             1
                                    •l- . -,

































































































TABLE 2 ExcEpTIONALDISTR!BUT!ON OFVESSELELETViENTS
THE
THE
PTERIDOPHYTA AND GYMNOS'PERMAE WH!CH CARRY
     GLOSSOPSIDA SELAC,INEinL-LA
     SPHENOPSIDA EQUISETALES
     PTEROPS!DA PTERrDIUM
     cHLAMyDospERMopsIDA[VGEI:pHLEitiTlt,iiilCHIA
             'A
 NGIOSPERMAE WHICH LACK VESSEL ELEMENTS
DrcoTYLEDoNEAE"








    VESSEL ELEMENTS











     DIcoTYLEDONEAE`





 THESE PLANTS BELONG
SCrENTIF!C NAtVIES ARE
                  12
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TO POLYCARPI!DAE,
































































Chqpter X Roles oE Pine g-M, ethyltransf.erase m





































     Conifer.lignins..are known t-o be mainly composed of guaiacyl
L unit's,'and usually. Iack sy,ringy.1 ones;7'8'll'62M64 •A few .
            '
  en2ymeS were repotted in relation •tO lignin' biosynthesis •in-.
  conifers,65'68 although the enzymes are generany difficult
  to extract and chhracterize66 as it wni be discusssed ih
  chapter V. The gyTnnosperm lignin is pr6ducedvia•reaetions
  mediated by a series of enzyrnes which 1'ack catalytic abUity'for
  syringyl-unit fbrmation. For example,' gyinnosperm p-coumaroYl-CoA
  ligase and I2, -hydroxYcinnamyl a!cohbl de'hydrogenase catalYze guaiaeyl-
  uni-t formation r' but scarcely does syringyl-unit-:fiermation.. 51' 69
     Finding that O-rnethyltransferase (OMT) catalyzes ferulate
  (FA)-forrnation but scarcely does sinapate (SA)-iorrnation,
  first'explained the reason why gymnosperrn alMost entirely
  contains gua'iacyl lignin.61 Although 'a' little.arnount of
  $yringyl lignin in gymnosperrn•can be explained.by•the substrate
  specificity, an•OMT-inhibitor miq.ht be present and apparently -
  masking sinapate-formation Å}n the erude prepatation. Such
  pos$ibility, as-shown in chapter M,'is not 'negligible when
  the gymnosperm OMT i's investigated 'without purification.,
     This is the firSt'report on gymnosperm enzymes which were
  purified and characterized.67 This chapter describes'gymno-
  Sperrn OM[I}s, especially puriEied•Ob4T in Pinus' thunbergti,
  and will be discussed the role of the enzyme in relation to
  the lignin biosynthesis.


























                    RESULTS
                                              L+
PurÅ}fioatj.on oE the Pine Oua in the Seedlinq.s
   Pine (Pinus !tl!ulp22eEgEL!h b xz) OMT was purified about 90-fold in
a yield of 22ge with Fespect to the starting crude hornogenate
(Table 3}. FA- and SA-activi•ties we.re not resolved by the
disc electrophoresis of the final preparation, although the
SA-a,ctivity was much lower than FA-activity as shown,.in Figures
i and 2. However, the raVo of SAr- to FA-activities (SAIFA
rqtlo) be.gqrpe smaller during the en-zype purification.,{O.065
to O.037), suggesting the rernoval of S.A-qctivity during the
proce.dpre. , Zn fact, a minor fractÅ}on, which gave a high
SA/FA yatio, was deteeted in the O-602 amTnonium sulfate pre-
cipitate (step 2) by polyacrylandde gel electrophoresis
(Table 4) qnd by gel filtration chromatography on Sephadex
GIOO. This minor fraction was more negqtively. charged•on
the gel j.n the electrophoresis (Figure 3) and.eluted faster
                                                             ,than the rnajor one in,the gel :Eiltration chromator,rap.hy. (F. igure 4).
    'The ovefall SA/FA ratio at step 2 was calculated to be O.17t
the value of which was- derived from the electrophoretic data
shown in Table 4. This calculated v.alue was hiq.her than.
that shown in Table 3.. A similar disc!epancy between the
calculated and.fou,nd ratios was also pbserved in the frac-
tions separated by gel filtration chromatography,. although
the causes were not,elucidated. rn any eventt the changes
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of the ratio during the purification is at least partially
explained by the removal df the minor fraction which catalyzes
SA-formation.
SomgJtZ!lgl2g!!!lgg-g"!!g2Mg-9tlesofthePzeOMT
   Zt was previously reported that the crude pine OMT
                                                     '(arnmonium sulfate precipitate) was almost cornpletely inhibited
                                                     .. 65
      2+
                              might stimulate the actzvzty.by 5 m)4 of EDTA, and tha  Mg
Xn contrast with'the previous results, Table 5 shows that Yhe
finally purified enzyme was not only inhibited but also
activated by o.s mba EDTA or NaF Å}n the absence of r4g2Å}.
Thereforet Mg2+ seerns to be no absoiute req.uirmbnt for the
                                  2+                       2+2+
                                               were usefuZ
        t tand Mnenz.ymic•activity, although g Ca
for kee,ping high enzyme activity. A similar result'was
latel.y reported 6n Thuja oMT.68 such propertÅ}es of the pine
                   -OMT were similar to th6se of purified chtechoL-g-methyltrans-
feTase from human liver, the enzyme of which was stabilized
by O.2 rnM MgC12 and EDTA.70 . -.-•
   Addi.tion of glycero! was found to be effeetive against
denaturation of the OMT during freeze-thawing, and the presence
of 10 mb of iso-ascorbate, cystein and 2-rnercaptoethanol was
necessary for the full enzymic methylation. The provisional
molecular weight of the major fraation at step 2 was estimated
to be 6.7 x 104 by the gel filtration on Sephadex GIOO (Figure
4), the value of which is comparable to that of !tl!}}!tsh OMT•
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KÅ}netic Studies on the Pine 'Op4T
   Km value for caffeate was 51.l pti which is hundred tirnes
                              71lower than thaVl,of parsley Oba[P. The difference seems to-
be ,,ascribed to the fact that the parsley OMT is a 'flav• onoÅ}d•
specific one whereas theL pine OMT is oniy respohsÅ}b' le for the
biosynthesis of..-guaiacyl lignin. The kinetic constants
suinmarized in Ta•ble 6.show that the affinity of the enzyine'
for caffeate is higher'than 5-hydroxyferulate Åq5-HFAÅr i'n• contrast
with angiosperm bMTs which will•be discussed in the follewing
Åëhapters. "
   [Vhe ;Jineweaver-Burk plots f-or t-he metihylatÅ}on eE 5-HFA to••
SA in the presLenÅëe or absence of caff•eate gave typic•al com-'
petitive inhibition pattern, indicating that'the SA-formakion
                                                            '
                                                             ttwas greatly inhibited- by, qafffeate (Figure 5)., Mhe. KÅ} value,
whi'ch-should be equal •to the Km value for.. 5-HFA, and other
kinetic•con$tants- obtained by these ,plots were in:good agree-.
rnent with the• values shown in Tabl• e;••.6. - Further experiments
indiqated. that sA-formation frern 5"H-FA•(2.5xIO-4 b4) is completely
inhibited by 2.3xIO-5b4 of caÅífeate added (Figure6),.' -
                    :1 .' ,.,.' ,,' '
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                    D:SCUSS:ON
   '
   The pine (Pinus Stl!!!g}!2gEgE!!h b ) OMT showed very poor SA-activity,
whÅ}ch is good contrast to the apgiosperm OMTs as,sumqrÅ}zed
in chapter V. No iphiPitOrs or activators were observed in
the pine OMT during the purifÅ}cation, and hence the low SA/FA
ratio belongs to the OMT .itself. .-This well explaOs very
iow arnounts ok syringyi nuciei in the pine iigninr and.Km
values indÅ}cate,' th.at guaiacyl units are able to forln smoothiy
     'in the conifq,r. .
   The role of OMT has been discussed with respect to iche re-
  '
                                                 .gulation of phqnolase, whÅ}le phen\lalanine and cmnamate were
examined as,the .reguiating fqctors of o"fT.i7'72 ET,Adenosyi-.-L--
                                                           73-76homocystein is a potent Å}nhibitor of this enzyme in plants
and animals.77 The effect of iuurnination on oMT activity
has ,.also been investigaved,.78'80 The kinetic studies in thi$
experiment show that the SA-activity was competÅ}tively inhibited
by caffeate. This Einding indicates no sinapate-forrnation
in the presence of caff,eate Lt vive. Thust sinapate-forma-
tion is practically irnpossible in:zthis plant because of the
Krn va:ue for 5-HFA apd the "Eeed-Eore" inhibition. This
C,1.early explains the phylogenic dif#erence between gymnosperm
 and angiosperrn lignins, the details of which will Pe discusisied
 in chapter V. Recently, the enzymes responsib!e for the
            L
 hydroxylation, activation and reduction of R-hydroxycxnnarnates





 are fou'nd to be aiso iTnportant in determinirig the phylogenic
 difference of lignins.51r61(69 , , ,
                                         '
    Concerning the OMT-polymorphÅ}sm, it is necessary to
 ascertain whether or not the minot. fraction in the crude enzyrne
 preparation is a naturally occuring enzyme. In this point,
 it is interesting to consider the OMT activity in Pinus E:LE!!2!2yErobuS
 and Pinus taeda which gave relatively high SA/FA ratios (chapter
 V). Thuja OMT was also reported to show higher SA-activÅ}ty
 ainong gymnosperrn ObCT$t although the enzyme was concluded to
 be related to lignan biosynthesis.68 The sAIFA ratio
                                                          '
                                                       .gradual!y decreased during the putitication and the mxnor
 fraction of the enzyTne was found in this experirnent. Howevert
                                                          .conEormational changes of the binding'site, being known zn a
 nurnber of other enzymes,8imiqht aiso expiain the eiinination
 of the SA-activitv durinq the purification. Such possibilitv
 will be discussed in chapter IV.
' Xn anion exchanqe chromatoqraphv, the qvrnnoDserm OMT was
 eluted bv lower KCI concentrations than bamboo OMT's(chapter
  :V). Major fraction of the pine OMT appears to be more
 positively charged comparing with aspen OMT (chapter ![Årt
  bamboo OMT (chapter IV) and the minor fraction of the pine OMT
  on the polyacrylamide gel. Such positive charge of the major
                                                           .fraction might reflect some OMT-conforrnation which restricts
  the substrate specificity, i.e. preferential FA-forrnation with
  Sma'llU SA.foirndtion •








































     Tn conÅëlusion, the methYlatte•on eatalyze.d by the pine OMT
  is an important step leading to the lignin which carrries ,
  almdSt entirely guaiacyl nuelbi. ' "'
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                     EXPER!MEN[I)AJI,.
         '
                                   '
 Plant Material Pipe (Pinus lt!!!!u!222zgli,h b ) seedling:; we.t'e
 growp at 250 C on wet vermÅ}culite in the;light at 12 hr inter-
 vals ior !6 days. The primary xylem in the seg, dlings showed
    '
 phloroglucinol-HCIPOSit:vecolor re.action. . . ,
 pdrih:6ation procedure All purification procedures were
                      tt
' performed at 4e C. Pine seedlings (545 g) were homogenized
 in the presence of polyclar AT (50 gÅr with equal weight of
 O.l M.K-phosphate buffer (pH 7.5), contqSning 5 rnM of eac.h
 2-mercaptoethanol, cystein, Nabg.3 and iso-ascorbate. . T.h.e
 homogenate was filtered through eheese-cloth and centr"fvgeq
 at !7000 g for 30 minutes. The supernatant (920 ml),was
 adjusted to ,60g saturation with solid ammonium sulfate in
                          '
                                      '
                                            '
                            '
 the presence of 5 mM of EDTA, and centrÅ}fgged at 7000 g for
 30 rpir}utes. The precipitate was dissolved in Q.02 M phosphate
            '
 buEfer (pll, 7,.4, 25 Ipl) and was passed through,e.SephadexG25
 column (42 x 3 cm). The desalted enzyme solution ÅqI08 ml)
            .t
 thus obtained was applied to a DEAE-cellulose colum (3 x 7
                                               --cm) and eluted by O.02 M IÅq-phosphate buffer wJth step-wise ,.
 Å}nereases in ionic strength using KCI. The proteins.qlut.e.d
                            ''
 by, O.l and O.15 M KCI,Åq344 ml) were pFecipitated by the addi-
 tion of solid ammQnium sulfate with 5 mh Of EDTA and,caffe4te
  (500 rng: anticipated to be a stabilizer of bamboo OMT, c'hapter
 IV)- The precipitate was dissolved in the buffer (3.5 ml)
                       21
I1
t
 and th'e solution was 'then applied to a SephadeX GIOO eolumn
 (2.7 x IOO cpm; upward-flow rate 8.2 ml/hr; void v.olume 166
rn1). The' eluate (total volume 42 ml) was rfinally applied to
 a•DEIUI-cellulose colurnn Åq3 x 1.3 m) with a linear gradient
 of fro'm O to O.2 M of KCI-buffe'r so'lution. .' i
 OMTrAssay The reaetion mi•xture (total volume
 1 ml) for assay contained O.•X ml of enzyme solution, O.l M -of
 cystein., 2-rnercaptoethanol and is'o'"ascorbate'r O.Ol M MgC12}
 O.2 ml of caffeate and 5-hydroxyferualte (O.5 .)Lmole), O.5 M
 K-phosphate buffer (D.H 7.5). This reaction mixture wi•thout.
 s'adenosyl-ymethionine-l4cH3' {sAba; o.2s ,)amole, o.o2s .jjci)
 Was preincubated• for 5 minutes, the SAM was then added and
 tbe• whole .incubated': fer O.5 --l.O hour at 30e' C.• Extraction
 and the mesurement of the•radioactivity were carried out as
 describedinpage 7g. one ,unit (lo4 cpm} was eq-uivalent to
 53 nrnole oE product formed. ProteÅ}ncontentswere determined
                              82 .
,by tbe.rqOthod ofi Lowry g!tL g,IL.• •' ' '
 Disc Electrophoresis Disc eleetrophoresis was•''perforrned in
 a polyacrylatnide gel accerding',to Davis.ny8'3 i Afterre'lectrd•-
 phoresis the.gel was cut lengthwÅ}se, and then-into 5 rnm thick
 discs. Eaeh disc was crushed in the above reaction mixtuice,
 and FA- and SA-activities assayed as described'above.' 'The
 FA-,and SA-activities of the discs•at the purificatron step•
 2 was assayed 'for 3 hours at 300 c, using the same reaction
 Mixture desctribed above exeept the 'concentration•Of'the'
                           22'































substrates was c-hanged as followsi SAM (O.25 pCi), and caffeate
       -4
          b4) for FA-activity; SIUYI (O.l .nCi), and 5-hydroxy-(5 x IO
                  -3
                     M) Eor SA-activity. Furthermore, theEerulate (2.5 x IO
          'enzyme at step 5 was incubated for 2 hours with SAM (O.X .pCi),
            tt:
                      -4and substrates (5 x !O "1). The SA/FA ratios were ealculated
by subtra-ati-ng 300 cpm in blank assay Åqminus substrate),
except the case of SA-activity of the disc at the step 2, w] ich
      '
      .twas calculated by the following equation: SA-activity = (found
activity - 30P Å~'2.5)/2.5 Års l.9f }A(here 2.5 is the coefEicient
obtained from the specific activity of SALMi and 1.9 is the
coeffÅ}cient of the substrate concentration calculated from
                                       'the Linewe:aver-Burk plots, respectively.
Molecular Weight Jof the OMT The molecular weight was estimated
by determi,ndng the elution volume on a caiibrated Sephadex
                                        ,GIOO column (l.4-x 88 cm; flow,rate 8.5 rnllhour, K-phosphate
bufEer O.05 M, pH 7-.5), using the enzyme preparation at step 2.
                              'Kinetic Studies of the OMT Competitive inhibition patterns
                      '
                           -
          '
                                                          twere obtained from the reaction ratet when the concentratzon
      '
                                                         -3
                     -4
                                                to 5 x 10of 5-hydroxyferulate was changed from 8x IO M
                                              -4-5
                                                 M of caffeate.
                   and IOin the presence or absence of 5 x 10
                                   '
                        --- ,-The ehzyme assay was penformed for 30 minutest minxmizing
influence of th' e enzyme denaturation and product inhibition .,
                                            'during the assay. ...tlh.en caffeate anq .S:hydrfxyferulate were
                                            'incubated at the sarne time, the ' acids formed were separated
by PPC developed in toluene-HoAc-H2'O '(4:il:5, upper layert
decending''inetihod). !' .. •.• ].
















































   FA
PvRtFrcATroN































































































     'A.-,b•..L..A,.-..
vaveo
      30 "O 50
FRACTION NUMBER (q,2 ml/tubc)
pATTERN oF THE plNE OblT orl SEpHADEx




























































































   N
 Oil 2 3 4• "S
                                    '
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TABLE 4 SAIFA RATro oF
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    Shimada et al.
        . pqxnted gut that plant OMTs are classified
  ,
 znto two groups: one almose entirely catalyzes only guaiacyl-
 unit formqtiont and Vhe other g4talyzes both guaiacyl- and
 syringyl-unit formations. This finding well explains the
 reason why gymnosperm lignins are composed of only guaiacyl
 unit while angiosperm lignÅ}ns are composed of both guaiacyl
 and syringyl units.
    Several OMTS were characterized and their functions were
 discussed in relation to the biosynthesis of lignin,61r'67r75t84'8E'
 fiavonoids ,7 i'73' 76' 89 furanoeoumarin9e and g- , lgl-rnethyzation .89' 9i'
 92,93
         The, source used for the extraction and purification
                  8i9
                 74
                87                                   6784
 of OMTs were bud,
                     l aves,
                           young shoots,                                seedlings,roots,
 and ca za u$ .7 1t 73r 75, 76, 85t 8 6t 9 O, 91 vaxious methyl ated phenolics
 in addition to lignin precursors often occur in t'he same' tissue$
 and rnultiple forms of the OMT were, in fact, reported to occur
'
 in plant tissues.86'89-92 '' To characterize the oMT
 preferentially responsible for lignin biosynthesis, it is
 desirabZse to use the tissue which exclusively produces lignified
 cellst where the ObaT is considered to be more directly involve'd
 in lignin biosynthesis. The trunks of big trees are suitab!e
 fOr this purpose. The isolation of cell-free enzyrnes from X
 tree . trunks has r however, scarcely been reported94
        ,)
 because of the difiticulty of the large scale extraction.
                         31
                     1
     This chapter Eorcus6s'ori the properties of oM[vs from
  differentia-ting xylem tissues of ten-year old aspen trunks.
  "f hp. .ro..le'.lpE.'the.ZJhngfos'Pe'rtn.type OM[D' -is;::'-:••discusised' in
;
  relatioh to the forina-tibn 6f guaiacyl and "sYJririgyi lignxn
  •PreCUtSbrs' Tin'''Ld']i dbty'tued'on6uLs piah,t'S,. .,' .• ' li/
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'Evaluati'on of Aspen Trunks as an Enz me Source
   O-b4ethyltransferase (OMT) was extracted frorn the differentiat-
ing xylem tissue of aspen (Populus eurarnericana) trunks as
describeq "n Vbe ,expg..rim.en- taZt RC values of the methylated
productsT i.e. ferulatq•and sinapate, were identical to those
of the authentic compounds on paper and tbin lqyer chrpmato-
grarns using the soivent systems described in the expe.rirnental.
It was, found under micrpscQpy.thqt, .lysosome-llke vesicles
and vacuoles develop in differentiating xylem tissugs of an
aspen trunk.(data-not• shown). The crgde jui,ge obtained frorn
the phl.oem and your)g shopts of the aspqn,wqs rapiqly. turned
brown" even i.n the addition.of..polyclar.AT. This,.might bg
ascribed to a high Zevel,.of polyphenol oxidase actiyity in
the crude e?ctract•of the phloern and shoots. The speclfic
act-ivity of the OMT, extract.ed in tbe,crude.•juice,.was.Feasonably
high (IO•.6 pKat/rng, prptein for 5-hydropuyferu,la#e) cpmparing
with the activity repprte-d qrp other pla-n..t rnateriq.ls fpr
purification. The $pec.ific•ag.tlvities for caffeate of the
startin.g (MTs usually lie between pne.or. two pKat and sevgFal
tens pKat per.- mg. proteip.67, '75'8.4,'9i Aithough ,it was possibie
to irnprove the recovery of the enzyme by means of grinding
the diffe,rentiati,ng xylern with. s,ea..sand in .a• colq .rpprt4r, an
alternative •.procedure using a Wiley ptll, for .f.roqen wood
                         33
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,rneal Wi•th liquid nitrogen
in a large scale. Xt was





 to extradt 'the 'enzyme
the differentiating











































   The apparent OMT polymorphism was •observed skhen the" crude
OMT't fractionated by arnmonium sulfate,, was subSeated to' DEAE-
cellulose chrornatograph. Figure 7 shows elution profi!es of
the DEAE-cellulose colurnn chromatograms, where twe peaks were
observed nihe OMT eluted first from the colurnn was observed
                          '
    .t. 'to remaÅ}n slightly in.s.ubsequent purification s•teps. Tt.waS
found that the second• peak has a tendeney to inerease '(peak ;)
                                                     -dand the other relatively to decrease' uring the purÅ}ficatron.
The enzyme was cons'iderably unstable during time eOnsumirig
purification. rt was unsuccessful to increase pu=ificatiQn
                                                         '
                                                   --fold in spiee of repeating experiments of the'i.purifJaatzon, =
                                                           ,Addition of cystein or EDTA was• no effecti /en the shabili'zation
of the enzyrne, and a thorough•.purifi'cation was not achieved
because of the.instabi!i'ty. of the enzyrne. , ,. L/ `-
 ,
                                                       '
                                                             '
   Tablei 7 sUTnrnarizes on'e of the experiments in theLpu.rificatiOn
Of 'the': a'spen OMT.' FA"and SA.activi.t•ies,•sh'ow' tihe' forraa.tion O.f
ferulat'e from caffeate and.qf sin.pate' fr.om 5-hydroXyferulaJte,
r.eSpectively-i,• It was found •that both activities in each peak













activities Were alsO unsePa•rable by polya'crylamide gel electro-
phoresiS at the final preparatioh (Figure B), in which OMII' waS'
                    'lecated•to'the peak,:. The ratio of SA- toFA--activitiesv
sOhich is aA inclicato'r for the ability of sinapat'e Åíorma•tÅ}on
to Eetu,iate' one'by the enzsrme,6i temaÅ}ned constant' Åqca. 3') during
the pu-rification. It wEs found that the two ,peal son• thte
DEAE-ce'11ulese chrema'togram showed al'most'9mme SA!7A'.tatio
tpeak! '3.27 peak g 3.0):SA activities were Aet ttesolved frora
FA-activitieS in the both peaks. '' '/ r' '••.:•'
    1, ).., ,. , ,. .. 1. , ",., ,.L ,T ,. ,, ,..,
Some Properties ef As en OMT
   The rnolecula•r-weight of the peak : and U weure•almest same,
and'were' estimated•to•be 72.000'andi 7SOOO, respectively', b,y
geZ tiltration chromatography. OptSmal pH cf 'the enzymes
foit ' FA`' and SAin-aetivi•ptes. at .step Z was ea. S.O, althougin
the pr' bpahration was a mixtinre •of-peak x and ],••OptiTnal LpH
Eor :the• act•ivittes aE' :the fina,l P•repar/ /tion. vvas ne• trme'asure'd,i
becainse' the'•amoun-t ofi thec'en'zyme preparation was insinffrcÅ}ent
'ior Other characterization an'd its 'iniSltabil'ity- '  "-'
 ''  "
   Table 8 shows/the 'effect of me.ta] ions /on`the /FA. anddSAi'"
                                                      ,2•+
•activittes of •the final step"prepel'ra•tion. ••Adiditio'n•of'Mg '(1
 elnd''ZO' mM:•Åri•'Was no effect "on the enzyrne' aettvitxes;, •- Otner-i'`
 tWb titi]ent•metal ions Cl 'mb, respeetiveZy) were-also no re-
                                        'AdditSon of -EDC17A•, NadF
•quiSSte on the:full methylation rate••
 anrf NaN3 (lgtO'i!,XO TTtrvS,''respeetive'Zy} ,di/d riot i/nhibit the -•































enzyme activities, but inoderately activated. The finding
tha-t th.e aspen OMT was not inhibited by EDTA and NaF, supports
no reguirment for Mg2+ ion in the enzyme activities. Heavy
metal ions (lmM, nespectivelv) inhibited the methvlation rates
                                                     --a.nd. the ibns caused more than 90Z inhibition when cystem :n
the reaction mixture was onitted (datanot shown).
   Table 9 shows that SH group is essential for the optimal
catalytic activities. Thiourea and monoiodoacetate (O.1rnMr
respectively) inhibited the activities, while cystein and
mercaptoethanol were effective for the optSrnal me'thylation
rates.
                                               --tlt was also found that the ratio of SA/FA activitzes were
almost kept constant in these experiments.
Substrate S ecificit of As en OMT
   [eable 10 shows the kinetic data of the OMT oE the finalstep
preparation. Km values for protocatechualdehydet 5-hydroxyd
vanillin, caffeate and 5-hydroxyferulate were found to be of
the order of lo-4 M. vrnaxlKrn for 5-hydroxyferualte was S•4
                                       Protocatechualdehydetirnes greater than that for caffeate.
was a better substrate than caffeate. The kinetic data
indicate that the formation ofi syringyl unit is preferential
                             The other o--diphenol';'c substratesghxaanmitnheadtwgiegUqaularCcgliUnn,i:9anin, catechi;', protocatechuic acid
and pyrocatechol. The methylation rate for these substirates
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was less than 2g of th'at fOr' caffeate. Almost no methylation
                                            ---were observed in the case of other phenols, z.e. apigenzn,
kaempfetoli 3i•5'-. 2t4", 2t6"t 2,5-dihydroxybenzQates, s.aligenint
salicin, salieYlaldehyde, arbutin, g-,'E-coumarate,'fierulate,
iso.ferulate and•sinapate. . - :, ',••"- " ]•
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       'i "
    Multiple• forrns of plant'OMTs were reported by several
 authors.86,8•9-92 , xt 'was ghown that supo ulus qlandular tissue
' conta•ined a.few ob4Ts.89 we also observed pol'yrnorphi•srn of the
 OMT in the differentiating xylern of an aspen trunk.'ri-J!t• is
 interesting ,to consider this point in relation to' the' 'findi-ng
 ,tha-t the differentiating xylem cell contains many lysosome-
 like Vesicles' and developing vacuoles. It seems'1'ikely'that
 t'he proteases occur in such organeil'esofa dÅ}'fferentiating
 staget in order to redistribute nitrogen from lignified xylem
 cells •to. cambium in tree trunks. Such phenomenon'•wa'•S reported
 during•grain growth in wheat.95 Therefore, proteases df the
 organellesrnightcause lability and modification of aspen OMT
                                                         tit
 when the -tissue was ground and subjected to a ra•ther t•,itue''
 consuming enzyme purification process (Figure7'); S. y.cP. aSP,U:,TPP"['
 tion is in acCord with the result that the rnolecular'weight
 of the peak[- was slightly smaller than that of the peak•I•
 It mUst.be'•kept in mind that multiple forms of the:reportedi
 OMTs ntght'be produced during the extraction and puri'ficatl'on•
 Sueh'.exarnple +of the OMT was reported on protein patterhs ,
                                                       - t/ 4
 obtained by gel electtophoresis at each pUrificatton' ste'p in
                                                      itiabacoo suspension ceus.9i rt is alse assumed that'ther'pb-ly-
                                                            ,merphis'm' ob'seir'ied is not an artifact but refleets• so'me physzo-
  lbgical role, Lt tvivo. At present, there is nd direct evidenqe.






:to sho•w multiplidi•ty of• the aspen OMT, and further research
is needed tO clarifi'ed- ,these problems,- t
                                              t.
   It 'is dÅ}fficult for piant OMTs t.o find the generaX corre-
tations between their bicsynthetie rqle and proper-ties; The
properti- es o•f an OMT• in,di•fferent•plant$ were not always cpn- ••
                                                              tSi$tent even if the-enzyme plays the,samerb.i'osy.nthetic:role•
PUrified preparation•of an• OMT does not alsv4ys show the sar"e
PtrOperties as the crude:one in an en•zyme ,sqqrqe;, T.hese make
i' t 'difficUlt. to desCribe .t-lje general•properk/ es pf;,an• ObfT•
aCcuica'telyi but plant OMTs might be rou.gh•ly•char,act. ,exi- zed as
•fbllows.• ,The optimal pH-of Caf-feat.e-$peq•i,fic OriftTs was r•arLged
from pH ca. ,6.s to s.o.65'67'75'84'87 ugninny-specifie.oMTs
'genelrauy do not require Mg,2+ ionq7'75 exce,pt the .ea,se ofi
"bamboo.96 This is in good contrast to that .of ,flavonpid-. ,
                                                             71,76Jspecific eMTs in parsley and soybean cell suspension cultu.re,
"whi6h absoiuteiy' 'required 'Mg2+.Å}on. $ulfhy,dr: z,group inhibitors
                                               67,73,90,91,969bne'rally inhibit plant OMTs in vam'ous extentJs ,
e-xce' pt flavQno'idTspecif•ic parsley OMT which wa$ n.ot •affected
by the inhibitors.71 EEfect ef EDTA on' the oMTs. is not axways
                                               7S,90
                                                 •, .bu•t an-conls'tant: Mgni/nrspe'cific oMTs showed no•effect
other• lignin-spec•ifzc one was moderately activated by the
                                                             •9 Ochemical.'67- Flavonoid-specific e)I.T was not•aff•ec•t-ed'-b•y tEDTA.
M61e'cular weight of plant OMT,s reported• lie between 40000 .and
xloooo;67-,71•t73t9'Ot9l it was found th.a.t] the aspe.n O.MT
                                                       .-ehatacte'riz'ed in 'this'chapt'e•r fills.tbe gene. ral properties
                         39
 pf. 1.z'gnin-specific• QMT-,as described abOve. ' '
   ,It zs, noteworthy that the catechols'with Cl-side ch'ains of
 aldehyde and alcohol were•as good sabstrat-es 'as eaffeate.
 The finding indicates that the enzynie mighr 'be inv61vedLin
 t.h.e ipethylation of C6-Cl diphenO!s. '` However, athrnOst no methyla-
 tion of pratocqtechic aeid was "ebse•rved ai•though -vanillic and
 syringic acids are widely distributed lin this genusi. 'SuCh
substrat.e specifiqity of the oMT seems ,to be affected by the
functional groups, oE the Cl-side chains. • Tihis find[ings'
might be expanded to diphenolic-C6rC3/lignin precursdrS. `
It isi demons,trated that the cinnamat"e deri,va•tives •a:re reduced
tq ,Vlje cqrresponding alc•ohols via CoA-e:sters ahd ald• eh• ydeS
during lignification.
      , The C6-C3 9-dipheno'lic S•ubstra'tes
CaFr.ing.,these side c.hains rnight be methyl a'ted bY'a 'hgnih' "'
speqific QMT,.qlthough eaffeoyl.CoA waS not'Tnethylated'by 'the
oMT.75 The ce" Eree systeTn involved"ih the reductzon ef
Sinopate.to,sinapyl al.cohol was.dernonStta•ted,ebut the universaZ
Pgoeess pf syxingyl lignin,formation is stin-obscure;51' -
                                    --i -t,Further sutvey Qf. the subst•rate 's,peciExc;'ty 'for the •OMT xs'
desired to clari.fy the] lig-nin b•:'osyntheti'c pathwa-y,L espec•ial"ly
                                            'the forrnat-ion of. s,.yripgyl li,gnins,. '' :• i' :' ''''
  . T-lje. r,e$,ults, 4-n .tbe• presen•t inves.ti•g.atiQn• is` contdluded: asi
fOllnyows., .Firs.t, the cha.racterized aspen bMT is re'lat'ed to
lignin bio,s,ynthesi$, because •ofi.a-dedfined 'phen61ic metabolisrn
iri the ?Fylem tl$s.ues and of $ubstrate specifi'cit'tes oE the










enZym" e:. ' The•c• amb•i-um of aSpen.'trunks diffetertiaL.tes seeQnda.ry
xyleMi'whedt•e li- gn•in•'polymers are pre$en:t Wit-h small amounts.
of lignin pr,e'cUr•sors. Si•nce pheno!ic m.etitibo•.lism Å}n the: -
d•iffetientiatin•g Å~' ylem tisSueS consid•erd-' tO•'be exclusj:•vely ' '
di•reetbd to lignin•.formation, the'OMT .iti theSe x-ylem cells
Could be involv-ed!in the methylation of' lign'i-'n pr/eCuEsor$,` - ,
The •substrate speeificiti•es of .plant OMTs' have been•discussed'
froM• the standpoint b'f lignificationt flaVQneid'bi-osy•nthesis
an d• •9i} E- 9• -me nhylatio• n. XV/was fd• un d• t• ha•t the .aspen .-P. MT-- ..
ean not methy'Iate flavonOids no' r R-posit•ion in the.phenotic
subs'trates Surveyed. These substrate.Speeintci-bi,es stron9Zy
sugge st that' the OM is related to .' ligp i•n b• iesynt- he sis i.n . t.h•.e
xylein Of aSpertÅ}runks. Second-t the aspen OMT. p/r.ebably
operates as'a "f•ine. ajustment" •en•zyrne in guataeyLl and- Syr.ingyi
ligniri Eormation. This is led frorn the findings that the
same OMT catalyzes the forrnation of both guaiacyl and syrÅ}p'gyl-
nuclei with preferentiaZ formation of the latter nuclei.
If caffeate and 5-hydroxylfenulate are formed in a Same site '
oi a xylem cell,- the latter substrate will be preferentialiy
rnethylated by the OMT until the substrate will reduce eo the
level whieh do not interfere the former methylation. The
aspen OMT may control guaiacyl and syringyl lignin formation
in this way, i.e. fine adjustment whieh is capabie of very
minute alteration of the both units. The fine and coarse ,
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syringyl to guaiacyl nuelei during the deveioprnent of t•he xylem
in dicotyiedonous piants.88'97 The iatter ad]ustrnent rnight
be also Operated'bY the en2ytnes particiPating i-n'the msediuc- ''
tion bf'
 E-hydroxycinnamates to ddrresppnding alebhols. Las.t,
the sUbstrate speeificities of aspen bbq{r exP!ain a 'pa'ts't eE the
reas'ori vdhy aspen lignin containS much sYrin'gyl 'ntiq• l• et ÅëOtupa:rMg:•
With gyrnnospbrrd ohe. tnhis"prope'rty is gerietally applxcab,le
to the an'g' iosPerin'O'MtS whidh icelated tO lzgnin b-ibSynLth•esi$:.
interestihg exampies'wete reported in sweae icoot,87' •!tltEM!aulu!dth 98
ahd inistretioe99(chapter m)". The swed'e '•r' oo't oMT wask"fetmd' te•
                                                     'shbs-x low SA--activzty. These pat'nts VirfiZl be''diSeatssetd .th 'chapterV.
 ; The phYsiologi'cal' toles of li'g'nin.'Speeifie 'OMT- ;s a."r' e'St:gnifi• --
cant both'in the diffdrentiationL'•a'nd im'the PhytOgenic
difference ef the SAIFA ratiioi i.evthe: lforrnata{)n ab'ilxt;y o'f
'syringyil and-guaracyl nUcle•i'.' '-' '•'' t'
 tt tt'' tE :J '' tt t=/ -t 'l +











                    EXPERrMENTAL -
               p ''i - t' -/t
Materials E-Adenosyl..L-rnethionine-14,cH3.(sAM: 4s.g rnci!m mol)
wa$ purchased from New England Nuclear, and diluted with un"
labelldd SAbC. The diluted SAM.was, then,•purified on paper
chromatogram using 5g HOAc in 80g EtOH at 4-6eC (specific
qct,ivity of the SAM: O.3 mCi/mmo],)-. A protein kit for, the
calibration of molecu14r weightS,, and cpld SAM were obta•ined
frpm Boehringer Mannheim GmbH.,- HydrOxycinn•amaites were
$ynthesized from corresponding benzaldehyde and ,malonic acid.100
5-Hydroxyvaniuin was prepared,in the conventionqJ way.IOI
EIavonQi-ds used fQr tht; substrate s.pectfi•ctty. :were ob aingd
fr-om To-kyo Kasei[-Co.iLVd,. 5-Hydroxyyanillyl aleohol sDra's
pr.epar.ed• by . Mr.,Kutsu.k-i. of the Re,search.,Secti-on oC..Pignin
Ch• enistry•, Wood Re se arch lnsti tu te t, Kyo t, o Uni ve rsi V. Yv, . •-
?1• ant SouTce.fo-r t-hg.QMT Extraction , Tk-rQ ten-yeqr-pld aspen
  '(!PgllllEMEI euEamericana) tr•ees were cUt dpwn ip-.,Jpne an.d the
  trunks free of th.e bark were used, •foE.the enzyme• source.
  The differentiating $ecpndary xylern was seraped 'by a, ,seraperr
  and ehe chips• were,immediately frQzen in liquid- nStrogen;-
  The wood. f-rozen .wa.s miza• ed with contin'uous: a.ddition of l, i•-quld
i nitrogep in a WiZey mill, and-stored at -20eguntil #pg use
  Chromato ra hic Methods for the rdentification of.the Meth ,lated
!Z!tgslyg!!goduets• The rpethylated prgducts formed were.co-ch•rornato-
graphed on paper chrom,atogram with Åëhe sOlvent, sys#,em: (:l)'.





toluene--HOAc-H20 {4:l:5•, Vlv, orgah-ic layer)•, (2,)CHC13-HOAc-
H20 (2:1:lrv/v,organic layer) and thin layer•chromatogr'am Of
si•lica geZ with the solvent s-ystem:' MeOH-isopropyl •ether Åq1:•10,
SO]g!!!ASE}gzMT Ass Standard -reaet-icn mix•ture eonta•ins phenbl`ic
                                                        'subStrates (O.2 pmol), MgC12 (O.2 ))moZ), Trzs bufEer (•'PH8.0,
10 pmol), enzyme solution (up to ca. 50 mg of fFesh weight)
and SAM (O.03 pCilO.1•pmOl), The SAM •was• -added 'aS a stiaiceer
aEter preincubation for 5 minutes"•'(toEaZ Volutue7 2•OO ,pl)':.
The mixture'was incubated Eor /l-O, 20 and 30 MinutieS at 3QO'C
with or without phenolic Substrates.'' The:reaction "eas termi-
nated by the additiOn of 2NHCI -(20 •pl) and eXEraeted ivi,th
CHCI3-or EtOAc Åq"the latter, for the extfaction eiiflaVdnoidis).
The'•rnethylation rate wa's deterrnined by the•tiMe eourse-of the
radi6activi:ty in the extract. Two Ml of scintiZlator, which
contiain's 2,5--diphenyloxazole (4g)'''and 1t4`-Bisr2-(4'-rnetihyl-'
5•-phenylOxa,z'olteJ-2-yl]•benzene ('Oilg)• in toluene"T(1-.O 1), wa's
uLsed for the :scin'•tilla.tidn spectrometry;' " '•'• =
OMT' Extraction•an'di Purif'icaiton 'Ste-p lt - The wo"o"d: me'a•1
(615g) was extr•aÅëted sATith 1.7 !' of 'O.2 M •i('--phoSphaite•'bu`f' Eer'
(pH 7.7) con,taSning ,5 m)4 of 2-rnercaptoetihano•1 and' NaNi' by' •a
ultra•tra•x hornogen•izer. All procedures of't-:he 'ex•traÅëtioh and•
PU•rification were perforrned -in•a 'celdi roord a•t 4-6'O•'C . ''The
homogena•te was squeezed with a fOu•x' layered gUa•ze:•and' -the
filt'r' ate 'was centrifuged ati• 9000[rpm for 20• minubes.









   'Step 2: T.he supetinatafit soltitiori '(IL2 1) 'was''fta'c' tionated
wl'
 ti•h Solid ammoni-uM sulfate whUe th'e''pH`was mainta•in]ed at a.7
and the protein precipitatediibe'tween 20 and "S!S2• $at'uratidn
was cOZIeet'ed by centrifugation.:' '" 'The Precipitat[e tAtaS te-
suSpended' in a• Minimum Volum of' 'th• e 'K•--pho'sPhate buffer'and '
.
dialyzed for'8 hours against tihe 'sarne• buffer (tetal voltme
777 ml); '' ' '. •i
 T' -S:tep •3-: Th'e desalted solutioh was applied 6n aDEAM'ELeeXlulose
                    ,
Column'(•2.2-xll cm} previously equilibra't,ed with the K-
Ph.Csphate 'b•uffet. - 'Prote'ins were eluted• wi'th 'a ISnear' salt-
gradient between O and O.5 M Kei th the K-pho'sphatd buEfer
aE'tet Was'hing •with SO rn1 of the K-phoS' Phate buffer., The•
peak T and U VI'ere blU'fed at' ;ea. O.l and O.2 M KCI, respectively•.
Fractions of 60 drops were collected •(peak I and =:49 and
84 mZ, respectively).
   Step 4: The two peaks were concentrated by the addition
of ammonium sulfate (90g saturatienÅr and the precipitated
proteins were dissolved in a rninimum aMount of the K-pho$Phate
buffer. The each solution was applied on a Se,phadex G200
colurnn (1,55x89 cEn} which was equilibrated with the K-phosphate
buffer. The molecular weights• of the enzyrae' were ca'libratea
using this columm. The flow rate was at 10 mlZht and the
30 drops of each fraction was col:ected. The xtolume of the
peak I and I[ collected were 34 and 33 ml, respectively.
   Step 5: The combined fraeticns (peak r and ]T), were
                       45'
r L[ 1"











   .! 's
r, 't.:,
 f 'l lt;''
,F J .:•







ab sOrbed on a hyd roxy a,p, ati te co lurTm, ,(i .. 55 x 7.2 cm) wh ich
was bufferized vvith O.O02MKiphosPhate •buffe•r (pH'6.7) Åëon•tain"
              '
                     J.    tt
                                   'ing 5••MM of 2-TnercaptQetha-.no.l•.. . The proteins were.eluted'-''
,.
with •a linear' gtadient betWeen 'O.OO,2-'a.nq, O.2 M. K-'•pho$phate
                     .- .L .. I Mtbuffer Åëontaining 5"rnM of 2-rnqrcaptbemthqnol. .F..rtuetio.ns of
40 drops were collec'ted'. i•OMT activity was not,1•;teso•IVed' bY•
                                                t
       tLthis procedure 'but a shouldelr of t4e," e!y,tion p;ofile was
                          ,.,L                                                      '
               --
obServ,e,,d. prQ.teins w,ere aetermined by the Fo'lin method
                                               .-of Lowty et al.82 '.' :• ' 4• ''i ,r
                                               '
                          - nyDisc Eiectrophoresis Di9d elec-•tro'p.ho•resi•s waS ear'riOd Qut•
                      .aby the me.thod pf• /Da-v,is;:8, 3,,. The gg' i,t aft6-F theL. electrophoresis,
was cu•t into 2 rrtm thiek. .Each haM of• the sliÅëes was,;directiIY
assayed for FA- •arid SA-activities. '
           L'. -
             p+ ..t            ..s ' . ,. ,-' '- '.,ny JL ., 'J'
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    g,5,S6, F,
        3,02
    it42,2 .
       3,20
6g. 9 3,25
18,5 3,04






" STEP- 1: CRuDE ExTRAcT, rS.TEp 2: •AMMoNIOM s'uLFA•TE FRAcTIoNA:."
                                                          ,
 TloN, STEp 3: DEAE-cELLuLosE c•HRoMAToGRApHY,' ST-Ep q:
 SEPHADEÅr( G200 CHROMATOGR,JAPHYt . STEP 5•: HYDROXYAPAT!rl:,E GIIIROMATq-,
 GRAPHI• ,(SE.E,ALSO EXPERI"MEN'FAL 1•N 'THI'S' CHARIF,ER)' t
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         O 20 "O 60 80
                   TUBE HtjMDER
FIGURE 7 ELvTloN pRoFrLEs oF AspEr; OMTs FRoM DEAE-
            CELLULOSE COLUMrt CllROMATOGRAPIIY
 •-O'-'A CRupE JulcE coRREspor;b:NG To sTEp 1,
 "'--• sTEp 3 ln THE TABLE 7, -A-RE-•cHRotlATO-
•GRA.M AFTER sTEp 3 (KEpT IN A• REFRTGERATOR MORE
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 Drsc 'ELEcTRop"oREu'c pA•TTERN oF AspEN OMT
 AT TIIE puR:FlcATroN S-TEP 5 ,,.
SA-ACTIVITIES LN AN OMT HERE,UOT SEPARATED
   ELECTROPHOREStS AT THE F,r"AL PVR•:FtCA-
    THE CONTROL (REACTSON MtXTURE,M:NUS
   WAS NOT SUBTRACTED FROM THE BOTH
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THE ADDED CHEMICALS As A SuBsTIT(JTE FoR Mt!il+,
WHE'N NaF wAS ADDED.T.Q- THE S,YSTEM, K--Pop9$PH"T•E
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STANDARD
MiNus MgCl2
      MRSH
      CySH
MrNus IVIRSH
      CySH
MINus M g. Cl2
      MRSH
M!Nvs IVIgC12
      CySH
PLus PCMB
     (O,1 rk)
PLus THrouREA
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of, Mist}etoe.,Llg•pt, "n .ain-d Vbe,: :,.
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i•  INTRODUCE[LIONi•• ..• , •
                                             T.
                                          '
   Mist:letoe(Viscurn albumÅr.is an evergreen dicotyledon whi.ch
is usually parasitic,on ,Celtis sinensis and occasionally pn
cherry •trees.ip. Jqpan., Several g.baracterxstic eQmpp'unds. ..
such as physiologlcally active proteing,02-I04viscotoxine}05,106
             1.acetylcholine}07verazinel,08acyclic peptidel09' and flavono.i-dgiO"l12
were isolated from ndstletoes.
   On the other hand, a few studies have been reported oh
the nutrition dependence of mis.tletoe on the hos,tsl.l3'115
Mistletoe usually gets water from the host, and spme species
                                                         Zl.3-i15are known to be d.epend carbon sources a•s well en the ,•hoSti'.
Freudenberg reported that European mistletOe grown on either
gymnopserm or angiosperrn trees gave the cerreSponding ti•Ype
             ,ligning.16 However, the lignins in European mistletoe lately
dernonstrated to be angiosperm type one independent en t-he ho$-t
treesl17"U9 xt has been further reported that flavenoids in
     .
a parasitic plant are quite different frora those of the hosJt
plantY.10,]12 These observations• may indicate that the b-o'
synthesis of rnistletoe lignin is generally controlled by the
parasitic plant itself and not by host treeS.
   However, the direct dernonstration about such n.utritio- rt
dependency of the lignin biosynthesis was skill missing.
ActualXy, nistletoe 9•-methyltransferase did not Åëatalyze
ferulate--formation, suggesting no lignin biosythesis in the
                        52 ,-
l' .
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plant. The mistletoe g-town on P.Snu-s 'sil'vestns tree was
                                                    1•18,119found to be rather less abu.ndant in syringyl lignin,
Thi$ chapter-deseribes-•ehemical pfooPerties of parasitic and
                  t pt t/ /t tl/ ttt' ttt -t'p /host li•9ninst and elucidateS"iE ,the •MisLt'k••etO•e plan/t p-r,odue.es
                                                       'lignihs independentiy fr6mtthe host. Thei ehz-yme' ih''cinlriqmate
                                  Lpathway, especially o-methyltransf6rase is alse discussed.
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                    RESULTS AND DTS.CUSS!ON. , , .
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   Analytical results of mistletoe (Viscum alburn) lignin was
compared with the host {eeltis sinensis) ones, and t.he qa.ta
Qbt4ined arq su,rnrnarized in Table l.1. , .,. ,
                                                        lt
                                                           ,Lignin contents in the mistletoe and host woods were esti-
Tnated to be 22.l and 21.6.Z byKlason ri}ethod,, =espectivel,y.
The values showed typicalangi,ospexmones ip,normal woods.,
Ernperical formulae of tbe milled wood lignips (MWLsl showed
rather high oxygen contents in comparison with Freudenberg's
resu;ts.li6 since the MTqLs in this experipent, were purified
                                  120by the Bj6rkman'.s stand.ard rnethod, ,.vbe lignins probablY
contained sorne contaminated materirals such as sugars whigh
                                 /t
                                                     '
.may cause high Q,xygen cpntents.in the formulae,. , , . ,,
                                             '
   Infrared spectra of the mistletoe and host MwLs gave almoSt
identical absorption bands. The main bands pbs,eryed were
                                                          -1
                   -11325, 1235, 1130 cm (syringyl ring); l275, li451 IP3q cm ,
{guaiacyl ringÅr; 1595, 1505, 1425 cm-1 (arernatic skeletal bahdsl
                                                      121
and the bands assigned to aliphatic and aromatic bonds.
Mistletoe MWL showed higher relative absorptivit.:' .es t ,han the
host one at the band ratios 1665/l505, 1325/1505t,123011275,,
and l130/Z030 except the ratio l735/1505 whic,h fihows the
amount of unconjugated ester carbonyi q. reups]22 The reiative
ratio (1600/1505) is known to be ipgreaseq Py the pres,ence
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of •syringyl component,, R-hydroxyphe,nyl este,Fs, carboxyla,te
ions in carboh.ydrates and cendensed tannin impurities.121
However, the higher value at 160Q/1505 in mis,tleboe. MWg ,seemS
tio be mainly ascribed,to ,the predoninaee of sy4ng\l component
consi•dering t•he methoxy; con•ten,ts, 4nd the, •ratips ,('X325/150'E ,
                                                          Jl2301127,5:, l13011030/). .Fprbhermore, the prqsence,pf co•njugag•e.d•
q,st-er groups, suqh• as-R-qoumaEyl este;s ,gbserye,d in,UV $pee,t•rUrn
Qf bamboQ lignin,123,was neglibible in the.MwLs, , The uv
spectra in the MWCs of t.he rnistletQe and the ,hQsg-, s,hewed,
maxi•ma. a•t 277.5- pm (qbsorpt•.lvity 15.3. I/grcm). p,nd Z78•Q ntu
(absorptivity 14.4 1/g-cm), respectively. •No abserption was
o.b.served in the region around 350 nrn,, the abserpb-ig,n •a.t
which is due to the presence of the conjugated es.ter-grQuPs,
                                                       .and/ the,spectra in this region showed a ge,neral-,absoriPtion.,
curv, e. These observqtions thus indicated .thgt.both misYletee
and host lignins are icypical angiosperm ty,pe, p..nes, alt.hough
sorne var,iatien was observed in the intens,iti,es gf,ZR regiOn.
                                                             ,
   The "aWLs were degraded by acidolysis, and .t.hen,the monomerlq
product$ were analyzed• ,to qonfirm the given ingp, rttqtiqn Zn
the .spectrql ana!yse$. ,.The yields pf ac.id.olysis oUs wer•e
58 and- 6.lg of the mistletoe and •,ho.sV MWLs, F.espgCtiVelY•
The ratios of syringyl acetone, (vani,lloyl rnethyl ketone and
                                                            `Syringoyl rnethyl ketone) to gpaiaeyZ, acet,one in tbe qcidOIYSzs
oE mistletoe a;?d host lignins/ were ,q.92. (P.38 anq O.l8) and
('O••i27' and P,,il), re$pectiv, ely . T:he$e, v, a,lges.showe. ,d',th'a't
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bQth li•gnin.s a•re co• rnparabXe to•,a .typieal angi.osperm one:
i, ,e. the corresppnding va.lues of-•b• eech weod Wer•e O.71, Oi38' '
and O,.15. The fpllow•ing compounds were.identified by GC-
MASS analyses as TMS-de,rivativesofthe acidolysis produÅëts of
the.MW,Ls. ,and a beech wood (contreJ); gua•iacyl aqetOne,
vanillo• yl methyl ketone, sy•ringyl' aÅë.etope an. d syringoyl Methyl
ketone.. A, fiew,pther peaks whi•qh appeared faster than gueiacyl
and syri.ngyl derivatives were observ. ed on gas qhromat•ograrOs
in all cases., These peaks were very s.mall.Lin •their areas
except r.ather large one,.M+ 22Q which was iden.tical with
M+ ofi trimethyl syrilated E-ce.umaryl aldehyde lout showed a
little different fragment i•ons from !hose of the"'aldehyde.
R-Hydroxyphenyl derivative$ •may,not/ be'L,asqribed to- these
peaks, because,they were observed not qnly .in the ae-ide•IYsi's
prod-ucts.of beech wood. b- ut alsQ ma$s spec- tra of the •E.hydrOxy--
phenyl monomers,124 such as E-hydroxybenzaldehyde, E-hydroxyd
       rphenylacetone, 1-hydroxy:1-(4-hydroxyphenyl)-2TpFopanone a,nd
E-hydroxybenzoyl- methyl ketone•, were digferent frQm t.h.ose of
         tt
                 ''these peaks. The analytical resuits indieated that,both
mistletoe and host ligninsL 'are typical angigsperm ty,pet although
the mistletoe lignin gave some degradatiO-n. produqtS .which wer.e
in small arnount and could not be iden-tified. . ,
                                               t/
                                         '
   Recently, FT-13c-NMR was intr.oquced into the strpctural
                                                 '
   'studies of iignins and showeq to give many .pseful inforrnations.;IP,
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the MWLs. which gave typieal ang.ibsper•m-ty,pe,$peqtrq •in ar.omatic
and• aliphatic car•bon region•s.. Ester cqrbqh]Yl qar-bpn. '(l72.4
pprn Erom TMs )126 wh ic- h wa.s Jn o• t ob served in• .the. mi s. t. IetQ• e lign i-p •t
wa.s observed• in t•he host-.MWL- ,in aÅëcprdanÅëe.vif•i.th t-he absoEp-
tiqn ratio.(i7351150•.5). in !R regi,en. Th,e absqr•ptiQr peaks
ol, gua•i.aqy;,,and .sYri/r gyl #ing carbQns we:e p.b• served ,i• n bo• th,
mi s.1. let oe and -bos V. ,. MWL s, T.he pe aks at 1- 54.3i 1• 39 ., 3- , .l 35 .9,
I07,7 and JQ5:'7' p'pm from TMS.interno.1 star'd-ard• ttbserved in'
th-ese MV"L$ rpay .be,assdigned-t•o the pb• sprptiOn of syrin• gyl,, .
ring carbons en the pg,s;tion 3 and 5, 1.and 4,4t2 and 6, 2
and 6, respectiveiyl26'i27 No distinct peaks,appeared in the
region-o•f R-hydroxypheny,1 ri4g carbons (160.9,,.131.3 ap.d ll7.0
ppm frQm TM$, control:bamboo MWL•) in the$e MWLs.•
   Thus, the.ndstletoe lignin as well as the host lignin were
eonfirmed to• be typical nOrmql angiosper•m tYpe ones.. .
Mistletoe O-Meth'ItransferaSe and Li nin Bio$ nthesis
 i O-MethyltransEerases (OMTs) involving in the biosYnbhesiS
of ahgiesperin lignin cata!yze the formation of ferulatie {tFA)• '-
and sSnapate •(SA} frord caffeate and 5-hydtrexyfe•tulatb, te-
speetLxreiy,84 wh'ile the siilili4psp6]ltitiI ones hard'iy eatazyze the
fotrnra'tio'n of sA. .67- 'The ratio of sA- te FAiaetivxties '(sAIFA)
is very usdful as'ari• lneliea'tor for the abi•lity •bf 's'ymhgY'il
iignin forTnation•6i As it wÅ}n be dis6ussed in chapeer vr
                                                          -{the pfiyiogeriid aitt•tr'ibUt'thoh -O'f g'YmhoSperrn and angtiospetrd 1-:gnLMS
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is partially ascribed 'te the ra,tibl' $A/FA of these 'oMTs..
   The sA/FA ratio of the •rnistle'toe homogenate Was quite ,
different f'irom these g'eneralizhtion ]and: sh6wed':•tema•rkaibly
high value as a re'su'it' of negligibld EA--fortnatibn. ' en the
basis of the biosynthesiS of 1'ignin monome'rs in mis'tZetoe, no
FA-fdrmation conttadicts the resultS whieh shoWed'the misVl'etoe
lign'in as a tyPical'ang-ioispermrtype-' irrespectiVe of '' the
host spec' ies.118'ii9 Hence, the-eause of the no deÅéeet:on' '
of FAiformation''should be' considered as follows-; 'i)' the' presence
of 'a pa'rticulelr ObdT which is unabÅ}e to catalyze the F'A-fiorma'
tion. i'i) hOtmal angi6$permitype• OMT- ' i,s preSent bint 'FA';
activity is 'inhibited by some'caUses. '' Each ca. se abeve
mentione' d niay be understood in the fo)lowing' wayi' 'xn the
                                   t ]. tt --case of i),- 1.l. MiStletoe has no abilX y 'tb sYnt'he'size lrgnin
itself.L 1.2. Mistletoe is abtb eo synthestze iignin monomers,
but t'tie ibiosynthetic pathwhY is different ftqm normaz angie--
sp' er' m orie' . 'f';';ri the -dase of i'i)J, '2.1. M-is'tle'toe lias'/tio abili•ty
td s' Ynthesize t lignin SL'sd'!f because EA:`activity 'is mhibited'•
2.'2t Norirnal -angiOsperTn"ty'pe pathway Sn lignin biosyinthesis
                                              - i. 1'
                                        .e t-is presertt in mistletoe,, but the FA--actxvity iS
inhibited bY some inhibitors which may be libe•r.ated by •th'e
breakage of the eornpartrnen'tation in the ceY duLring'the OMT
   Thust the TaistZe'tob oMT was purzfied tor e'lucridate the
                               :. ,, i. 1.
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